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FIRST ANNUAL REPORT FOR AWARD NUMBER “ W81XWH-07-1-0049” 
 
ENTITLED MOLECULAR TARGETS FOR PREVENTION OF PROSTAT CANCER. 
 
FUNDING PERIOD: December 1, 2006-December 31, 2007 
 
Dr. Ajit K. Verma, Ph.D. 
Professor 
Department of Human Oncology 
University of Wisconsin Medical School 
K4/532 Clinical Science Center 
600 Highland Avenue 
Madison, WI  53792 
Phone: (608) 263-9136 
Fax: (608) 262-6654 
E-mail: akverma@facstaff.wisc.edu
 
INTRODUCTION 
 
Prostate cancer (PCa) is the second leading cause of cancer-related deaths in men.  The risk of 
PCa increases rapidly after age 50 in men, with two-thirds of all PCa cases found in men after age 
50. PCa first manifests as an androgen-dependent (AD) disease and can be treated with androgen-
deprivation therapy. Despite the initial success of androgen ablation therapy, PCa progresses from 
AD to androgen-independent (AI). The hormone refractory, invasive PCa is the end stage and 
accounts for the majority of PCa patient deaths. Defining the molecular mechanisms linked to the 
transition of AD PCa to a hormone refractory PCa is essential in planning strategies in the 
prevention and treatment of PCa..  The objectives of this proposal are to determine whether protein 
kinase C epsilon (PKCε) is linked to the initiation and progression of Prostate cancer (PCa) and 
should be explored as a molecular target for the prevention of human PCa.  PKC represents a 
family of Phospholipid-dependent, serine/threonine protein kinases.  PKCε is a calcium-insensitive 
PKC.  Previous studies have shown, using cultured prostate cancer-derived cell lines and human 
PCa specimens that PKCε may play a role in the progression to AI PCa.  However, the role PKCε 
plays in the course of PCa progression on the whole tissue level in vivo is unknown and that forms 
the focus of this proposal. We plan to test the hypothesis that PKCε is linked to the onset, 
progression and metastasis PCa. Two specific aims are proposed to test this hypothesis: Specific 
Aim #1: To obtain the first molecular genetic evidence that PKCε is linked to the development of 
PCa. To accomplish this specific aim, we will employ TRAMP mice. Specific Aim #2: To explore the 
mechanisms by which PKCε may promote the progression of AI PCa. PKCε may be a new marker 
for the prognosis of PCa, as well as a molecular target for the prevention and therapy of PCa. 
Knowledge obtained from the proposed study will help to plan strategies to manage the 
development of PCa. This report will review the accomplishments made over the first year of grant 
award with respect to these specific objectives and according to the time line proposed in the 
original statement of work of the project. 
 
BODY (Key Research Accomplishments by original statement of work) 
 
Task 1:  Specific Aim #1: To obtain the first molecular genetic evidence that PKCε is linked 
to the development of PCa. Anticipated time to accomplish: 18-28 months 
 
The principle experimental approach to link PKCε to the development of PCa is to deplete 
PKCε in TRAMP mice.  This will be accomplished by crossbreeding TRAMP mice with 
PKCε knockout (-/-) mice.  We will evaluate TRAMP-PKCε KO mice for the development 
and progression of PCa in vivo.  We will determine whether genetic loss of one (-/+) or both 
(-/-) PKC alleles will attenuate the progression of PCa.  Our PKCε knockout (-/-) mice are 
on FVB background while TRAMP mice are on C57BL/6 background.  Breeding of PKCε 
knockout (-/-) with TRAMP mice is still in progress to generate sufficient TRAMP-PKCε KO 
mice for the proposed experiments as illustrated below. 

mailto:akverma@facstaff.wisc.edu
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Experiment 1:  Effects of PKCε deletion on the development of PCa in TRAMP mice.  All mice 
will be randomly assigned to the indicated cohort and sacrificed at 4, 8, 12, 16, 20, 24 and 32 
weeks of age.  There will be 20 mice per experimental group. Since it is difficult to generate 
sufficient numbers of male mice for all the time points, we have divided this experiment in three 
separate parts.  
 
Experiment 1A: The link of PKCε to the progression to AI PCa. In this experiment, there will be 
40 male mice in each genotype (TRAMP+, PKCε +/+); (TRAMP+, PKCε -/+); and (TRAMP+, PKCε -
/-).  Both TRAMP and PKCε KO will be on C57BL/6 background. At 12 weeks of age, 20 mice of 
each genotype will be castrated.  For castration, mice will be anesthetized with sodium 
pentobarbital (65 mg/kg, administered intraperineally) and an incision will be made across the lower 
abdomen to allow access to the testes.  The ductus deferens will then be cauterized and the testes 
removed. The incision will be closed by staples, which will then be removed two weeks post 
operation.  At 32 weeks of age, all mice will be sacrificed. 
 

Cohorts Sacrificed at:  32 weeks 
Intact         Castrated 

Experiment with (C57BL/6 TRAMP x 
C57BL/6 PKCε KO) 
TRAMP/PKCε (+/+) 
TRAMP/PKCε (+/-) 
TRAMP/PKCε (-/-) 

 
 
20                 20                                     
20                 20                       
20                 20                  

 
Experiment 1B: The link of PKCε to the initiation of PCa.  In this experiment, 20 male mice of 
each genotype will be sacrificed at 4, 8 and 12 weeks of age to determine whether PKCε deletion 
prevents the development of early lesion (PIN) in TRAMP mice. 
  

Cohorts              All intact, sacrificed at: 
         4 weeks       8weeks          12 weeks 

Experiment with (C57BL/6 TRAMP x 
C57BL/6 PKCε KO) 
TRAMP/PKCε (+/+) 
TRAMP/PKCε (+/-) 
TRAMP/PKCε (-/-) 

 
 
20                     20                 20 
20                     20                 20 
20                     20                 20 

 
Experiment 1C: The link of PKCε to the development of PCa at the post-initiation phase of 
prostate carcinogenesis. In this experiment, mice of each genotype will be sacrificed at 16, 20, 
and 24 weeks of age. 
  

Cohorts                 All intact, sacrificed at: 
       16 weeks     20weeks          24 weeks 

Experiment with (C57BL/6 TRAMP x 
C57BL/6 PKCε KO) 
TRAMP/PKCε (+/+) 
TRAMP/PKCε (+/-) 
TRAMP/PKCε (-/-) 

 
 
20               20                        20 
20               20                        20 
20               20                        20 

 
Experiment 2:  To determine the effects of PKCε deletion on the progression of PCa in 
TRAMP mice on (C57BL/6 TRAMP x FVB/N F1) background. In this experiment, we will have 40 
male mice in each genotype (TRAMP+, PKCε +/+); (TRAMP+, PKCε -/+); and (TRAMP+, PKCε -/-).  
At 12 weeks of age, 20 mice of each genotype will be castrated. At 28 weeks of age, all mice will be 
sacrificed. 
 

Cohorts Sacrificed at:  28 weeks 
Intact         Castrated    

Experiment with (C57BL/6 TRAMP x 
FVB PKCε KO) 
TRAMP/PKCε (+/+) 
TRAMP/PKCε (+/-) 
TRAMP/PKCε (-/-) 

 
 
20                 20                                     
20                 20                       
20                 20                                     
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Task 2:  Specific Aim #2:  To explore the mechanisms by which PKCε may promote the 
progression of AI PCa. Anticipated time to accomplish: 24-36 months 
  
During first year of the DOD grant award period we characterized changes in the level of expression 
of PKCε and PKCε associated signaling component Stat3 in PCa tissue derived from both human 
and TRAMP mice.  These results are published in CANCER RESEARCH (Aziz, Moammir H., 
Manoharan, Herbert T., Church, Dawn R., Dreckschmidt ,Nancy E., Zhong, Weixiong, Oberley, 
Terry D., Wilding, George, and Verma, Ajit K. Protein kinase Cε interacts with Stat3, phosphorylates 
Stat3Ser727 and regulates its constitutive activation in prostate cancer.  Cancer Res. 67: 8828-
8838, 2007) (23).  Our major findings are summarized below: 
Both PKCε and constitutively activated Stat3 are overexpressed in PCa and their expression levels 
correlate with PCa aggressiveness. PKCε overexpression in PCa accompanied: 1) increased in the 
levels of IL-6 and phosphorylated Jak-1 and Jak-2, 2) increased phosphorylation of PI3K and AKT, 
3) decreased expression of cyclin-dependent protein kinase inhibitors (p21 and p27) and 4) 
upregulation of anti-apoptotic (Bcl-2, Bcl-xL, survivin) and proliferative (COX-2) markers. PKCε 
interacts with Stat3 and phosphorylates Stat3Ser727. PKCε-mediated Stat3Ser727 phosphorylation 
correlated with Stat3 DNA-binding and transcriptional activities as well as PCa progression. These 
results indicate that PKCε activation is essential for constitutive activation of Stat3 and PCa 
progression (see Cancer Research paper in the appendix).    
 
KEY RESEARCH ACCOMPLISHMENT 
 
PKCε and constitutively activated Stat3 play roles in the transition of AD PCa to AI PCa.  Novel 
findings are our observation that: 
 

1. PKCε associates with Stat3 and regulates Stat3 activation.  
2. Stat3 is activated by phosphorylation at both tyrosine705 and serine727 residues. PKCε 

activation transduces multiple signals involving inhibition of apoptotic pathways and 
promotion of cell survival pathways.  PKCε-mediated cell survival pathway involves 
constitutive activation of Stat3.  

3. PKCε is an initial signal that regulates activation of Stat3. 
4. PKCε and Stat3, the proteins with oncogenic traits, should be explored as potential targets 

for prevention of AI PCa. 
 
PLANS: We will continue our experiments proposed under specific aims in the grant proposal.  We 
anticipate no change in our original plans.  
 
REPORTABLE OUTCOMES 
 
A publication in CANCER RESEARCH (Aziz, Moammir H., Manoharan, Herbert T., Church, Dawn 
R., Dreckschmidt ,Nancy E., Zhong, Weixiong, Oberley, Terry D., Wilding, George, and Verma, Ajit 
K. Protein kinase Cε interacts with Stat3, phosphorylates Stat3Ser727 and regulates its constitutive 
activation in prostate cancer.  (Cancer Res. 67: 8828-8838, 2007). 
 
Patents and licenses – NONE  
  
Degrees obtained – NONE  
  
Development of cell lines, tissue or serum repositories – NONE   
  
Informatics – NONE  
  
Funding applied for based on work supported by this award : NONE  
 
Employment or research opportunities applied for – NONE 
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CONCLUSIONS 
 
Prostate cancer is the most common type of cancer in American men and ranks second to lung 
cancer in cancer-related deaths. While 1 in 6 men will get prostate cancer during his lifetime, 1 in 34 
will die of this disease. The American Cancer Society estimates that there will be about 232,090 
new cases of PCa in the US in 2006. About 30,350 men will die of this disease.  Prostate epithelial 
cells are dependent on the male hormone androgen for survival and enter programmed cell death 
following hormone oblation resulting in involution of the prostate gland.  Early PCa is typically 
diagnosed as androgen-dependent and is treated with anti-androgen drugs or using a procedure 
termed castration, which involves removal of the androgen producing testes. Despite androgen 
therapy, some of the cancer cells still survive and grow to form PCa.  The PCa that grows after 
hormone therapy is called androgen independent (AI) PCa. This invasive PCa is the end stage and 
accounts for the majority of PCa patient deaths. The management of locally advanced prostate 
cancer is difficult and complex because the cancer often becomes hormone-insensitive and 
unresponsive to current chemotherapeutic agents. Knowledge about the regulatory molecules 
involved in the transformation to AI prostate cancer is essential for the rational design of agents to 
prevent and treat prostate cancer. Recently we found a protein termed protein kinase C epsilon 
(PKCε), which may play a role in the formation of advanced prostate cancer.  The level of this 
protein is increased in prostate cancer tissue as compared to the normal prostate.  The proposed 
study is aimed at validating the role of this protein in the progression of prostate cancer. Knowledge 
obtained from the proposed study will help to plan strategies to manage the development of PCa. 
This PKCε protein may be a new marker for the prognosis of PCa, as well as a molecular target for 
the prevention and therapy of PCa.  
 
REFERENCES: None 
 
APPENDICES:   
1. Cancer Research paper 
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